Abstract. Habitat use by Song (Melospiza melodia) and Swamp (IV. georgiana) sparrows was studied along 1.2 km of contact between the species in northwestern Pennsylvania. The two species had only narrowly overlapping territories (4 to 5%). Several lines of evidence suggest that the opposite response of territorial sparrows to the presence of surface water accounts for this spatial segregation. The presence or absence of water was a nearly perfect predictor of which species was defending a particular area (95% correct), whereas a stepwise discriminant function based on 10 vegetative variables categorized the territories by species with only 74% accuracy. An area drained of water by the destruction of a beaver dam changed from containing five Swamp Sparrow territories to supporting five partial Song Sparrow territories; local densities of the two species were otherwise similar. During record rainfall and flooding in June of the second year of the study, male Swamp Sparrows were opportunistically defending newly developed flooded areas. Aggression between the species was not common and males did not respond to playbacks of heterospecific songs. These observations suggest that major changes in habitat distribution can occur through a change in response to a single habitat cue. The later arriving Swamp Sparrows are smaller and socially subordinate to Song Sparrows. Song Sparrows settle on dry territories leaving the wetlands to the Swamp Sparrows.
INTRODUCTION
Lack (1933, 1937, 1945) and Miller (1942) suggested that closely related species may occupy different habitats in sympatry based, in a proximate sense, on the response to one or a few reliable cues rather than overall characteristics of these habitats. It is an hypothesis that is difficult to test, however, and there are few studies that identify the importance of particular features for habitat selection in birds in the field (Morse 1985) . Most studies of responses to specific cues have focused on animals in captivity (Klopfer 1965 , Wiens 1970 , Partridge 1974 , Gluck 1984 . However, the careful study of ecotones between closely related species may prove to be a fruitful place to examine the response of species to particular habitat variables in the wild.
Based on some preliminary observations, it appeared that although Song (Melospiza melodia) and Swamp (M. georgiana) sparrows occupy largely nonoverlapping territories, the vegetative cover of these territories is quite variable, rang- aries appeared to be determined by the placement of territories with respect to surface water conditions. Surface water is an excellent potential cue to study for habitat selection because each point in a territory can be assigned unambiguously to a surface moisture class and because surface moisture can change much more rapidly than physiographic or vegetative features.
In this study, I examined the hypothesis that Song and Swamp sparrows have strong and opposite responses to the distribution of surface water by measuring the distribution of Swamp and Song sparrow territory boundaries with respect to: (1) a variety of vegetative and surface moisture-related variables, (2) changes in surface water conditions, and (3) prolonged within-season change in surface water conditions resulting from intense flooding. adjacent to or overlapped the territory of at least one heterospecific. In addition, the study area is adjacent to Muddy Creek, which floods the area during spring melt-off and heavy summer rains. Information on flooding was provided by the Army Corps of Engineers, which operated a gauging station at Teepleville, 3 km downstream from Kelly' s Comer. The transect runs through a variety of major macrohabitat types including oldfield, drained beaver lake, small extant beaver pond, young willow-alder woods, and marshland (see Fig. 1 ).
STUDY

METHODS
Much of the field time was spent mapping the territories of singing male sparrows. In 1985 this was accomplished over a 3-week period by slowly moving along the transect, recording the location of males on maps with respect to coordinates of an established grid system. In 1986 the maps were made on a monthly basis based primarily on the resighting of color-marked sparrows. A total of 92 sparrows were marked, of which 62 were members of pairs resident on the transect; this includes all of the male Swamp Sparrows and 1 l/l 3 male Song Sparrows. The mapping I completed with color-marked birds produced similar results to the spot mapping of unmarked birds in 1985, and I am confident that the spot mapping produced reliable territory maps.
To establish the relationships of the territories to the distribution of habitat features, I con- of ground cover were found at one point, I assigned each type an arbitrary value of 0.5 and 0.33, respectively. I measured the maximum height ground cover and classified the surface moisture conditions into one of the following three categories: water present (depth measured), including soil that exudes water when squeezed between fingers and appears to glisten, moist (soil smears into a paste between fingers), and dry (soil crumbles between fingers). I also recorded the number of stems of each shrub and tree species within a 1 -m diameter circle. Trees were uncommon on the study plot and lumped into the shrub category. The three most common shrub species, Spiraea alba, Cornus stolonifera, and Vibernum spp., were analyzed separately as well as included in total shrub density.
To derive single values per territory, I summed the number of points covered with a particular ground cover type or categorized into a soil moisture class and divided by the total number of points sampled for that territory. I calculated the mean value per territory for the mensural and density characters. For vegetation height and water depth, values were only entered for sampling points where there was ground cover and water present, respectively. Because a small amount of drying occurred between sparrow settlement and the habitat analysis, I examined both the percentage water cover and the percentage water cover plus moist soil. These values should bracket the true distribution during the period of territorial settlement.
Each variable was compared between species using a Mann-Whitney U-test based on the values for each territory. A step-wise discriminant function analysis (DFA, SAS 1985) was used to determine the overall separation of habitats used by the two species with different combinations of variables. Because the DFA was used to explore differences in an existing data set, rather than to make inferences regarding the group membership of territories not used in the analysis, the use of proportional data is legitimate.
In 
RESULTS
TERRITORY DISTRIBUTION
In 1985, the territories of the Song and Swamp sparrows were largely nonoverlapping (Fig. 1) . Based on the number of grid points that fell into the area of mapped overlap, I determined that the average Song Sparrow territory was overlapped 4% (4% SD) by Swamp Sparrows and the average Swamp Sparrow territory was overlapped 5% (4% SD) by Song Sparrows. It should be remembered that the study was restricted to Song and Swamp sparrow territories that abutted each other; overlap and habitat similarities were probably much lower for the population as a whole. The amount of territorial overlap between the species along the ecotone was essentially unchanged in 1986.
THE PHENOLOGY OF SPARROW SETTLEMENT
Song Sparrows arrive in Crawford County, Pennsylvania in early March, whereas Swamp Sparrows arrive early to late April (D. Snyder, pers. comm.). When I visited the study site 12 April 1986, only two Swamp Sparrows were singing on territory. The complete array of territorial Song Sparrows was already present in mid-April. Although it was difficult to completely map territories during this period of poor weather, the location of all Song Sparrows was within the territories as mapped in May to July and none of the singing male Song Sparrows was in areas that were later defended by Swamp Sparrows. During April, small groups of apparently nonresident Song Sparrows were observed in the frozen marshy habitat. Between mid-April and midMay Swamp Sparrows arrived and established territories in flooded areas. Although there was The discriminant function derived based on all 13 variables listed in Table 1 During this period known male Swamp Sparrows moved 50 to 300 m into the Song Sparrow area and set up singing posts (Fig. 3) . Seven such males were observed, all of which were observed to return frequently to their previously mapped territory. These incidents all occurred within a week of flooding which lasted at least 2 1 days. I located a new female and a new nest for one of these males; however, the male' s original nest was destroyed by predators and his original female disappeared. Song Sparrows, on the other hand, were not observed to abandon territories during flooding.
RESPONSE TO SONG PLAYBACKS
Response to conspecific songs was strong, with males and occasionally females of both species approaching in 7/8 cases for Swamp Sparrows and 8/8 cases for Song Sparrows when played within their territories. Furthermore, Swamp Sparrows came into Song Sparrow territories on four occasions to approach a Swamp Sparrow playback. Approaches to the speaker were unambiguous, involving alarm chips, fly-over& wing spreading, pileal erection, and other behaviors associated with a high degree of arousal. Conversely, heterospecific playbacks were never approached. On two occasions Swamp Sparrows that came into Song Sparrow territories were briefly chased. These chases did not end with the sparrows being chased from the Song Sparrow territory. The sharpness of habitat differences between the species, as well as the difference in response to surface water, is not found in nonbreeding Song and Swamp sparrows. Nor is it found in nonresident sparrows, or family or dispersing juveniles during the breeding season. This suggests that the response to water in a proximate sense may be governed by hormonal changes associated with breeding activity. Such a mechanism has been suggested for habitat preference based on experiments with captive Dark-eyed Juncos (Bunco hyemalis, Roberts and Weigl 1984).
One possible cause of habitat selection is difbut the actual difference in habitat selection, in ferences in the ability to forage in areas of stand-ing water. To forage at the surface of a typical tion by the smaller species. I suggest that terri
